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BACKGROUND OF THE INVENTION 

L Field of the Invention 

10 

This invention relates to semiconductor device manufacturing, and more 
particularly, to a method for etching a semiconductor topography. 

2. Description of the Related Art 

15 

The following descriptions and examples are not admitted to be prior art by virtue 
of their inclusion within this section. 

Recently, advancements in the use of magnetoresistive materials have progressed 
20 the development of magnetic random access memory (MRAM) devices to function as 
viable non- volatile memory circuits. In general, MRAM circuits exploit the 
electromagnetic properties of magnetoresistive materials to set and maintain information 
stored within individual magnetic memory cell junctions of the circuit. In particular, 
MRAM circuits utilize magnetization direction to store information within a memory cell 
25 junction, and differential resistance measurements to read information firom the memory 
cell junction. More specifically, information is stored within an MRAM cell junction as a 
bit, the state of which is indicated by the direction of magnetization within one magnetic 
layer of the memory cell relative to another magnetic layer of the memory cell. In 
addition, a differential resistance can be determined fi:om differences in the magnetization 
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directions between magnetic layers of the memory cell such that the state of the bit stored 
in the MRAM cell junction may be read. 

Such adaptations of the MRAM cell junction may include one or more magnetic 
5 layers having a fixed magnetic direction and one or more other magnetic layers which do 
not have a fixed magnetic direction. In particular, the magnetic layers within the 
magnetic cell junction which do not have a fixed magnetic direction maybe adapted to 
change their magnetic direction relative to the magnetic layers having a fixed magnetic 
direction such that logic states of a bit may be stored. Consequently, the portion of the 
10 magnetic cell junction having the layers with a fixed magnetic direction may be referred 
to as the "reference portion," while the portion of the magnetic cell junction having the 
one or more magnetic layers adaptable to change may be referred to as the "storage 
portion." 

15 Typically, a magnetic cell junction is formed from patterning a stack of layers 

such that a structure of a given length and width may be obtained. In some cases, such a 
patterning process may include wet etching the stack of layers. Such a technique, • 
however, may cause some portions of the stack of layers to be undercut. Consequently, 
the dimensions of magnetic cell junctions formed from wet etch techniques may vary 

20 within an array. In general, variations of cell junction sizes and shapes may cause the 
amount of current needed to switch the magnetic direction of memory cells to vary, 
reducing the reliabihty of the memory array. In particular, size and shape variations of 
the cell junctions within an array may allow a false bit to be unintentionally written to one 
or more cells. As such, in an effort to alleviate the undercut problem, dry etch 

25 techniques, such as ion milling and reactive ion etching are sometimes employed to 

pattem magnetic cell junctions. Such dry etch techniques, however, often cause material 
removed from the stack of layers to be redeposited upon sidewalls of the pattemed 
magnetic cell junctions. In some cases, such a redeposition of material may alter the 
fimctionality of the memory array or render the memory array inoperable. In particular, 

30 the redeposition of material along the sidewalls of a magnetic cell junction may produce 
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shorts across the tunneling barrier layer of the cell junction, prohibiting the logic state of 
the magnetic cell junction from being determined. 

Consequently, in some embodiments, another technique is employed to define the 
5 lateral boundaries of magnetic cell junctions within a memory array. More specifically, 
in some cases, exposed portions of a stack of layers having a masking layer formed 
thereupon maybe oxidized such that unoxidized portions of the stack of layers underlying 
the masking layer may define the lateral boundaries of the magnetic cell junction or more 
particularly, the lateral boundaries of the storage portion of the magnetic cell junction. 

10 Such a technique often requires a relatively robust oxidation process, such as a high 

density plasma oxidation process, in order to oxidize the thickness of the layers within the 
storage portion of the stack of layers. Controlling the depth of oxidation using a robust 
oxidation process, however, is often difficult. Consequently, lower layers of the stack of 
layers may be undesirably oxidized. In particular, layers arranged within the reference 

15 portion of the magnetic cell junction may be oxidized. The oxidation of the layers within 
the reference portion of the magnetic cell junction may cause magnetic poles to form , 
along the ends of the layers, altering the magnetic balance of the reference portion of the ^ h 
magnetic cell junction. In some cases, such a change in the magnetic balance of the 
reference portion may cause the magnetic celljunction to malfimction, reducing the 

20 reliability of the memory array. 

Therefore, it would be desirable to develop a method for patterning a magnetic 
cell junction which does not alter the magnetic balance of the reference portion of the 
magnetic celljunction. In addition, it would be advantageous to develop a method which 
25 does not cause layers within magnetic cell junction to be imdercut. Moreover, it would be 
beneficial to fabricate a magnetic celljunction using a patterning process that is not 
susceptible to shorts occurring across the junction's metal features. 
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SUMMARY OF THE INVENTION 



The problems outlined above may be in large part addressed by an improved 
method for patteming a magnetic memory cell junction. In general, the method may 
5 include patteming a mask layer above a stack of layers. In some cases, the method may 
further include etching exposed portions of the stack of layers to a level spaced above a 
tunneling barrier layer of the .stack of layers. In such an embodiment, the step of etching 
may include etching one or more magnetic layers of the stack of layers. More 
specifically, the method may include etching to a level within one of the magnetic layers. 
10 In some cases, the step of etching may include etching between approximately 20% and 
approximately 95% of a thickness of the stack of layers arranged above the tunneling 
barrier layer or more specifically, between approximately 50% and approximately 95% of 
a thickness of the layers arranged above the tunneling barrier layer. 

15 In any case, the method may further include implanting dopants into remaining 

^ portions of the stack of layers arranged above the tunneling barrier layer.- For example, 
- the method niay include oxidizing and/or nitriding the remaining portions of the stack of 
layers arranged above the tunneling barrier layer. Other dopant impurities, however, may 
also or altematively be implanted, depending on the design specifications of the magnetic 

20 cell junction. In some cases, the step of implanting may be adapted to prevent the 
introduction of dopants into portions of the stack of layers underlying the tunneling 
barrier layer. In particular, the step of implanting may include implanting dopants with a 
low-energy source. For example, in some cases, the step of implanting may include 
oxidizing the stack of layers using a low or mediiun density plasma. 

25 

In addition or altematively, a magnetic layer within the stack of layers may 
include a material adapted to prevent the introduction of dopants underlying the tunneling 
barrier layer during the step of implanting. In a preferred embodiment, the magnetic layer 
having such dopant retardant properties may be arranged below the tunneling barrier 
30 layer, or more specifically, below and in contact with the tunneling barrier layer. In such 
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a case, the retardation of dopant implantation may be relative to the rate of dopant 
implantation in the magnetic layer overlying the tunneling barrier layer. Consequently, a 
magnetic memory cell junction is provided that includes a magnetic layer having a 
material adapted to retard the implantation of dopants relative to a rate of dopant 
5 implantation within a material of another magnetic layer within the magnetic memory cell 
junction. In some cases, the material adapted to retard dopant implantation may include 
cobalt-platinum. In yet other cases, however, the material may include cobalt-iron-boron. 
In any case, the magnetic cell junction provided herein may, in some embodiments, 
include another underlying magnetic layer spaced below the tunneling barrier layer. In 

10 some cases, the other underlying magnetic layer may also include a material adapted to 
retard the implantation of dopants relative to a rate of dopant implantation within the 
material of the magnetic layer overlying the tunneling barrier layer. Altematively, the 
other underlying magnetic layer may not include a material adapted to retard the 
implantation of dopants relative to a rate of dopant implantation within the material of the 

1 5 magnetic layer overlying the tunneling barrier layer. 

In any case, the length of the overlying magnetic layer may be shorter than a 
length of the imderlying magnetic layer within the magnetic cell junction described above 
in some embodiments. In particular, the method of etching the stack of layers to a level 

20 above the tunneling barrier layer and implanting dopants within remaining portions of the 
stack of layers arranged above the tunneling barrier layer, as described above, may 
produce a magnetic cell junction with such a configuration. In other cases, however, the 
underlying and overlying magnetic layers may include substantially similar lengths. In 
such an embodiment, the method for forming the magnetic cell junction may include an 

25 alternative process. In particular, the method may include alternating the steps of etching 
and implanting dopants throughout the thickness of the exposed portions of the stack of 
layers. Altematively stated, the method may include successively repeating the steps of 
etching and implanting throughout the thickness of the exposed portions of the stack of 
layers such that the magnetic cell junction is patterned to have layers within substantially 

30 similar lengths. 
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In some embodiments, such a method may generate veils along sidewalls of the 
patterned stack of layers during the etching steps. In general, "veils" may refer to the 
material redeposited upon the sidewall surfaces of the patterned magnetic cell junction 
during the etch process. In some cases, the method may include etching the stack of 

5 layers with a high density plasma such that the number of veils produced may be less than 
the number of veils produced when dry etch techniques, such as ion milling and/or 
reactive ion etching, are used for the etch processes. In any case, the method may include 
subsequent steps of implanting dopants into the generated veils. Since the method 
includes altemating the steps of etching and implanting in such an embodiment, the etch 

10 processes conducted subsequent to each of the implanting steps may remove the 
previously doped veils. Consequently, the number of veils along the sidewalls of a 
magnetic cell junction subsequent to the patterning process may be reduced or eliminated 
relative to a magnetic cell junction pattemed using conventional techniques. As a resuh, 
the likelihood for forming shorts across the timneling barrier layer of the pattemed 

15 magnetic cell junction may be reduced or eliminated using the method described herein. 
In a preferred embodiment, altemating the steps of etching and implanting may include 
etching a greater amount of the stack of layers than the amount of the stack of layers 
implanted with dopants during the step of implanting. 

20 There may be several advantages for patterning a magnetic cell junction using the 

methods described herein. For example, a magnetic cell junction may be pattemed which 
is less susceptible to the formation of veils along its sidewall surfaces. As a result, the 
formation of shorts across the tunneling barrier layer of the magnetic cell junction may be 
less prone to occur with the methods described herein. In addition, the methods described 

25 herein offer a manner in which to pattem a magnetic cell junction without altering the 
magnetic balance of the reference portion of the cell junction. Furthermore, the methods 
described herein offer a manner in which to form a magnetic cell junction having lateral 
dimensions within the design specifications of the magnetic cell junction. In this manner, 
a memory array with high reliability may be fabricated. In particular, a memory array 

30 adapted to write bits to correct locations while inhibiting the writing of false bits may be 
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fabricated. Consequently, a memory array fabricated using the methods described herein 
may operate with a tighter switching field distribution. 



BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Other objects and advantages of the invention will become apparent upon reading 
the following detailed description and upon reference to the accompanying drawings in 
which: 

10 Fig. 1 depicts a partial cross-sectional view of a microelectronic topography; 

Fig. 2 depicts a partial cross-sectional view of an upper portion of the 
microelectronic topography of Fig. 1; 

15 Fig. 3 depicts a partial cross-sectional view of the upper portion of Fig. 2 

subsequent to patterning a masking layer upon the topography; 

Fig. 4 depicts a partial cross-sectional view of the upper portion in which exposed 
portions of the microelectronic topography are etched subsequent to the patterning of the 
20 masking layer in Fig. 3; 

Fig. 5 depicts a partial cross-sectional view of the upper portion in which dopants 
have been introduced into the microelectronic topography subsequent to etching exposed 
portions of the topography in Fig. 4; 

25 

Fig. 6 depicts a partial cross-sectional view of the upper portion in which a 
plurality of lower layers are pattemed subsequent to introduction of dopants in Fig. 5; 

Fig. 7a depicts a partial cross-sectional view of the upper portion, in an altemative 
30 embodiment, in which exposed portions of the microelectronic topography are etched 
subsequent to the patterning of the masking layer in Fig. 3; 
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Fig. 7b depicts a magnified view of a portion Fig. 7a; 

Fig. 8a depicts a partial cross-sectional view of the upper portion in which dopants 
are introduced into the topography subsequent to etching exposed portions of the 
5 topography in Fig. 7a; 

Fig. 8b depicts a magnified view of a portion Fig. 8a; 

Fig. 9a depicts a partial cross-sectional view of the upper portion in which 
10 exposed portions of the microelectronic topography are etched subsequent to the 
introduction of dopants in Fig. 8a; 

Fig. 9b depicts a magnified view of a portion Fig. 9a; 

15 Fig. 1 Oa depicts a partial cross-sectional view of the upper portion in which 

dopants are introduced into the topography subsequent to etching exposed portions of the 
topography in Fig. 9a; r ' . . 

Fig. 10b depicts a magnified view of a portion Fig. 10a; and 

20 

Fig. 1 1 depicts a partial cross-sectional view of the upper portion in which the 
exposed portions of the topography have been ahemately introduced within dopants and 
etched subsequent to the etching of the exposed portions in Fig. 10a. 

25 While the invention may include various modifications and alternative forms, 

specific embodiments thereof are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, however, that the drawings and 
detailed description thereto are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 

30 altematives falling within the spirit and scope of the present invention as defined by the 
appended claims. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Turning to the drawings, exemplary embodiments of methods for patteming a 
magnetic cell junction are provided. In particular, Figs. 4-6 illustrate a method in which 
5 exposed portions of a stack of layers are etched to a level above a txmneling barrier layer 
and remaining portions of the layers above the tunneling barrier layer are implanted with 
dopants such that a lower portion of the magnetic cell junction may be patterned. On the 
other hand. Figs. 7a- 1 1 illustrate a method which includes successively repeating the 
steps of etching and implanting dopants throughout the entirety of the stack of layers such 

10 that the entirety of the magnetic cell junction is patterned in a continuous process. An 
exemplary microelectronic topography which may be used for such methods is described 
in Figs. 1-3. In particular, Fig. 1 depicts a partial cross-sectional view of microelectronic 
topography 20 which includes plurality of layers 22 formed above electrodes 24. As will 
be described in more detail below, plurality of layers 22 may be used to form magnetic 

15 cell junctions within microelectronic topography 20 and, therefore, may include storing 
portion 26, tunneling barrier layer 27, and pinned portion 28. More specifically, the 
composition and function of such portions are described in reference to Fig. 2. 

As illustrated in Fig. 1, electrodes 24 maybe spaced above dielectric layer 30 and 
20 respectively coupled to contact structures 32. In general, electrodes 24 may be used to 
induce a conductive path between subsequently formed magnetic cell junctions and 
overlying and imderlying portions of microelectronic topography 20, respectively. In this 
manner, Fig. 1 may illustrate a cross-sectional view of a differential memory cell partially 
fabricated within a magnetic random access memory (MRAM) array. Altematively, 
25 however. Fig. 1 may illustrate a cross-sectional view of two single memory cells partially 
fabricated within an MRAM array. In either case, microelectronic topography 20 may 
include other memory cells arranged in ahgnment with the memory cell/s depicted in Fig. 
1. 
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In addition, the other memory cells may include substantially similar components 
as the memory cell/s depicted in Fig. 1 . Li particular, the other memory cells may include 
digit lines 34, via plugs 36, additional contact structures 38, interconnects 40, transistor 
gates 42, ground line 44 and word lines 47 formed above semiconductor substrate 46 
5 which has isolation regions 48 and diffusion regions 50 arranged therein as shown in Fig. 
1. It is noted that word lines 47 are connected to transistor gates 42 along a different 
cross-sectional plane of topography 20 than shown in Fig. 1. In general, word lines 47 
may serve to activate transistor gates 42 such that current may flow from the memory cell 
to ground line 44. In this manner, current flow may be generated through the 

10 subsequently formed magnetic cell junctions such that read operations may be conducted. 
In general, the dimensions and compositions of electrodes 24, dielectric layer 30, digit 
lines 34, via plugs 36, interconnects 40, transistor gates 42, substrate 46, isolation regions 
48, diffusion regions 50, and contact structures 32, 38 and 44 may be in accordance with 
design specifications generally known in the MRAM array fabrication industry. It is 

15 noted that the components of microelectronic topography 20 are not drawn to scale in Fig. 
1: Forinstance, the total thickness ofpluralityoflayers 22 may be on the order of 
hundreds of angstroms, while the thickness of digit lines 34 may be on the order of: 
thousands of angstroms. 

20 As noted above, plurality of layers 22 may be pattemed into magnetic cell 

junctions of an MRAM array. In some embodiments, a magnetic cell junction of an 
MRAM array may include a dielectric tunneling barrier layer interposed between two 
magnetic portions such that tunnel magnetoresistance may be employed during the read 
operations of the array. In particular, a magnetic cell junction of an MRAM array may 

25 include a dielectric tunneling barrier layer interposed between one magnetic portion with 
a fixed magnetic direction and another magnetic portion that does not have a fixed 
magnetic direction. Consequently, plurality of layers 22 may include tunneling barrier 
layer 27 interposed between pinned portion 28 with a fixed magnetic direction and storing 
portion 26 which does not have a fixed magnetic direction. 
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In general, tunneling barrier layer 27 may be used to pass electrons between the 
magnetic layers of pinned portion 28 and storing portion 26 of the subsequently formed 
magnetic cell junctions. More specifically, tunneling barrier layer 27 may serve to 
provide quantum mechanical tunneling between pinned portion 28 and storing portion 26. 
5 Exemplary materials for tunneling barrier layer 27 may include, for instance, aluminum 
oxide, aluminum nitride, tantalum oxide, titanium oxide, hafiiium oxide, magnesium 
oxide, or zirconium oxide. .In addition, timneling barrier layer 27 may include a thickness 
between approximately 5 angstroms and approximately 300 angstroms, or more 
specifically between approximately 6 angstroms and approximately 25 angstroms. Larger 
10 or smaller thicknesses of tunneling barrier layer 27 may be appropriate depending on the 
design specifications of the magnetic cell junction. 

In general, pinned portion 28 may be adapted such that its set magnetic direction 
is not altered by the presence of large extemal magnetic fields. Storing portion 26, on the 

15 other hand, may be adapted to switch its magnetic direction with the presence of magnetic 
fields. In this manner, the logic state of the bit stored within the magnetic cell junctions 
formed fi-om plurality of layers 22 may be characterized by storing portion 26 relative to 
pinned portion 28. More specifically, the resistance across the tunnel junction depends on 
the respective orientation of the magnetic moment of pinned portion 28 and storing 

20 portion 26 and, therefore, may be used to indicate the logic state of the bit stored within 
the magnetic cell junction. Consequently, pinned portion 28 may be used as a reference 
direction for the magnetic direction in storing portion 26. In general, pinned portion 28 
and storing portion 26 may include a plurality of layers as described in more detail below 
in reference to Fig. 2. The plurality of layers of each portion, however, is not illustrated 

25 in Fig. 1 to simplify the illustration of the drawing. 

Upper portion 52 of microelectronic topography 20, as outlined by the dotted line 
in Fig. 1, may extend between the upper surface of storing portion 26 and the lower 
surfaces of contact structures 32 and digit lines 34. As such, a magnified view of upper 
30 portion 52 may depict a detailed layer configuration of plurality of layers 22, as shown in 
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Fig. 2. In general, the composition, thickness, number, and arrangement of layers within 
plurality of layers 22 used for the method described herein may differ from those shown 
and described in Fig. 2. In particular, plurality of layers 22 may include additional or 
fewer layers than shown in Fig. 2. As such, it is noted that several layer configurations 
5 may be used for the method described herein. In addition, the portions of microelectronic 
topography 20 illustrated in Fig. 2 are not drawn to scale. In particular, the thickness of 
pluraUty of layers 22 are greatly exaggerated in Fig. 2 to distinguish the layers within 
storing portion 26 and pinned portion 28. 

10 As shown in Fig. 2, pinned portion 28 may include including layers 54-60. More 

specifically, pinned portion 28 may include antiferromagnetic (AF) layer 54, magnetic 
layer 56, coupling layer 58, and magnetic layer 60. In some embodiments, pinned portion 
28 may further include a contact layer interposed between AF layer 54 and electrode 24 to 
enhance the electrical connection between the subsequently formed magnetic cell junction 

15 and the electrode. Such an additional contact layer may include any conductive material, 
such as aluminum, cobalt, copper, iron, nickel; nickel-iron-chromium, platinum, 
tantalum, titanium, tungsten, or a metal alloy thereof: In some embodiments, the 
additional contact layer may further include a seed material formed above the conductive 
material. In some cases, the seed material may serve to align the crystalline structure of 

20 AF layer 54. Consequently, in some embodiments, the seed layer material may include a 
material used in the microelectronics industry for aligning the crystalline structures layers 
with AF materials, such as nickel-iron materials or more specifically, permalloy. Other 
materials used for aligning the crystalline structure of AF materials, however, may be 
used for the seed layer material, depending on the design specifications of the magnetic 

25 cell junction. In any case, the additional contact layer within piimed portion 28 may 
include a thickness between approximately 100 angstroms and approximately 1000 
angstroms. However, larger and smaller thickness of the additional contact layer may be 
appropriate depending on the design specifications of the magnetic cell junction. In yet 
other embodiments, pinned portion 28 may not include such an additional contact layer. 
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In general, AF layer 54 may be adapted to set and orient the magnetic direction of 
magnetic layer 56. More specifically, AF layer 54 may be adapted to set the magnetic 
direction of magnetic layer 56 such that the magnetic direction is not easily altered by the 
presence of external magnetic fields. In this manner, magnetic layer 56 may be referred 
5 to as a "pinned magnetic layer." In general, setting the magnetic direction of magnetic 
layer 56 may include coupling the magnetic directions of AF layer 54 and magnetic layer 
56 such that a stable magnetic dirqption may be obtained. Such a process may be 
conducted prior to or subsequent to patterning the memory cell jimction. In any case, 
materials which may be used for AF layer 54 may include magnetic materials which are 

10 adapted to orient and pin the magnetic direction of layers. For instance, AF layer 54 may 
include antiferromagnetic materials such as, alloys of platinum-manganese (Pt-Mn), 
nickel-manganese (Ni-Mn), iridium-manganese (Ir-Mn), iron-manganese (Fe-Mn), 
osmium-manganese (Os-Mn), platinimi-palladium-manganese (Pt-Pd-Mn), ruthenium- 
rhodium-manganese (Ru-Rd-Mn), and platinum-manganese-chromium (Pt-Mn-Cr), for 

15 example. Other antiferromagnetic materials, however, may be appropriate for AF layer 
54 depending on the design specifications of the magnetic cell junction. In general, the 
thickness of AF layer 54 may be between approximately :50 angstroms and 400 
angstroms, in some cases. However, other thicknesses of AF layer 54 may be 
appropriate, depending on the design specifications of the magnetic cell junction. 

20 

In general, "antiferromagnetic," as used herein, may refer to the state of a material 
having magnetic spins oriented in opposite directions relative to each other. In particular, 
an antiferromagnetic material may include magnetic spins arranged in fixed directions 
oriented antiparallel to each other such that they counterbalance each other, rendering an 

25 overall magnetic direction of the material nonexistent. In contrast, "ferromagnetic" may 
refer to a state in which the magnetic spins within a layer are fixed in generally the same 
direction or are, in other words, arranged parallel to each other. In this manner, 
"ferromagnetic" may refer to a state in which a magnetic direction of the layer may be 
determined by the overall direction of the magnetic spins within the layer. Consequently, 

30 since the magnetic direction of magnetic layer 56 is preferably pinned in a particular 
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direction, the material used for magnetic layer 56 may include any magnetic material, 
such as cobalt-iron, nickel-iron, nickel-iron-cobalt alloys, cobalt-zirconium-niobimn, or 
cobalt-iron-boron, which are in a ferromagnetic state. Other magnetic materials that are 
used in the MRAM fabrication industry, however, may also or alternatively be used for 
5 magnetic layer 56, depending on the design specifications of the magnetic cell junction. 

In particular, it may be advantageous, in some embodiments, for magnetic layer 
56 to have a material adapted to prevent the introduction of dopants as discussed in more 
detail below in reference to Fig. 5. More specifically, it may be advantageous for 

10 magnetic layer 56 to include a material having dopant retardation properties relative to 
the rate of dopant implantation within the materials of storing portion 26, particularly 
magnetic layer 62. Li some cases, the material adapted to retard dopant implantation may 
include cobalt-platinum or cobalt-iron-boron. Altematively, the material adapted to 
retard dopant implantation may include polycrystalline alloys comprising one or more 

15 noble elements. In yet other embodiments, the material adapted to retard dopant 
implantation may include materials with an amorphous structure. In any case, the 
• aforementioned materials may be particularly advantageousvfor preventing the 
introduction of oxygen and/or nitrogen within magnetic layer 56. Other materials which 
are adapted to retard the introduction of dopant impurities, including but not limited to 

20 oxygen and nitrogen, however, may be used for magnetic layer 56, depending on the 

design specifications of the magnetic cell junction. In any case, the thickness of magnetic 
layer 56 may be generally between approximately 20 angstroms and approximately 100 
angstroms. However, other thicknesses of magnetic layer 56 may be appropriate, 
depending on the design specifications of the magnetic cell junction. 

25 

In any case, the magnetic field generated fi-om one magnetic layer may affect the 
magnetic direction of adjacent layers. As such, in order to prevent the magnetic field of 
pinned portion 28 from influencing the magnetic direction of the fi-ee layer in storing 
portion 26, the overall magnetic spin within pinned portion 28 should be substantially 
30 zero. Such an overall magnetic spin may be achieved by coimteracting the magnetic field 
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generated from magnetic layer 56. More specifically, pinned portion 28 may be 
fabricated with an additional magnetic layer having a magnetic direction set in a 
substantially opposite direction than magnetic layer 56. As such, pinned portion 28 may 
fiirther include coupling layer 58 and magnetic layer 60 formed above magnetic layer 56, 
5 as shown in Fig. 2. In particular, pinned portion 28 may also include coupling layer 58 
interposed between magnetic layer 60 and magnetic layer 56. In yet other embodiments, 
pinned portion 28 may be absent of an additional magnetic layer and a coupling layer. As 
such, although the embodiments provided herein include coupling layer 58 and magnetic 
layer 60, the method described herein not restricted to the inclusion of such layers. 

10 

In general, coupling layer 58 may be used to set the magnetic direction of 
magnetic layer 60 in a direction opposite (i.e., antiparallel) to the magnetic direction of 
magnetic layer 56. Consequently, magnetic layer 60 may be referred to as a "fixed 
magnetic layer." More specifically, coupling layer 58 may include a material which has 

1 5 an inherent property to set the magnetic direction of an adjacent magnetic material in an 
opposite direction than another adjacent material. For example, coupling layer 58 may . 
include ruthenium or any other material comprising such a property: Advantageously, the. 
inclusion of coupling layer 58 and magnetic layer 60 may make pinned portion 28 even 
more difficult to switch with the application of external magnetic fields. In other words, 

20 larger extemal magnetic fields may be needed to switch a reference magnetic direction in 
embodiments in which pinned portion 28 includes an additional magnetic layer and a 
couphng layer as described herein. In general, the thickness of coupling layer 58 may be 
between approximately 5 angstroms and approximately 15 angstroms. However, larger or 
smaller thicknesses of coupling layer 58 may be used, depending on the design 

25 specifications of the magnetic cell junction. 



In some cases, the material used for magnetic layer 60 may be similar to that of 
magnetic layer 56. As such, in some embodiments, magnetic layer 60 may include any 
magnetic material, such as cobalt-iron, nickel-iron, nickel-iron-cobalt alloys, cobalt- 
30 zirconium-niobium, or cobalt-iron-boron, which is in a ferromagnetic state. In other 
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cases, however, it may be advantageous for magnetic layer 60 to have a material adapted 
to prevent the introduction of dopants as discussed in more detail below in reference to 
Fig. 5. More specifically, it may be advantageous for magnetic layer 60 to include a 
material having dopant retardation properties relative to the rate of dopant implantation 
5 within the materials of storing portion 26, particularly magnetic layer 62. In some cases, 
the material adapted to retard dopant implantation may include cobalt-platinum or cobalt- 
iron-boron. Altematively, the material adapted to retard dopant implantation may include 
polycrystalline alloys comprising one or more noble elements. Li yet other embodiments, 
the material adapted to retard dopant implantation may include materials with an 

10 amorphous structure. Li any case, the aforementioned materials may be particularly 

advantageous for preventing the introduction of oxygen and/or nitrogen within magnetic 
layer 60. Other materials which are adapted to retard the introduction of dopant 
impurities, including but not limited to oxygen and nitrogen, however, may be used for 
magnetic layer 60, depending on the design specifications of the magnetic cell junction. 

15 . 

hi any case, the thickness of magnetic layer 60 may be similar to that of magnetic 
layer 56 and, therefore, may between approximately 20 angstroms and approximately 100 
angstroms. Materials and/or thicknesses that differ fi-om magnetic layer 56, however, 
may be used for magnetic layer 60, depending on the design specifications of the 

20 magnetic cell junction. In addition, different thicknesses and/or materials than the ones 
listed for magnetic layer 56 may be used for magnetic layer 60, depending on the design 
specifications of the magnetic cell junction. In some embodiments, magnetic layer 60, as 
well as magnetic layer 56, may include a pluraUty of layers. For example, in some 
embodiments, magnetic layers 60 and 56 may include a plurality of magnetic materials in 

25 ferromagnetic states. In some cases, the pluraUty of magnetic layers may include the 
same material. In other embodiments, the plurality of ferromagnetic layers may include 
different materials. 
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As shown in Figs. 1 and 2, plurality of layers 22 may include storing portion 26 
spaced above pinned portion 28 and in contact with tunneling barrier layer 27. As stated 
above, storing portion 26 may be adapted to have a magnetic direction which is not fixed 
in a particular direction. More specifically, storing portion 26 may include magnetic layer 
5 62 which is able to rotate its magnetic direction relative to the magnetic direction of 
magnetic layer 60 during writing operations of the magnetic memory array. 
Consequently, magnetic layer 62 may be referred to as a "free magnetic layer." In 
general, magnetic layer 62 may include any magnetic material in a ferromagnetic state, 
such as cobalt-iron, nickel-iron, nickel-iron-cobalt alloys, cobalt-zirconium-niobium, or 

10 cobalt-iron-boron, for example. Other ferromagnetic materials used in the MRAM 
fabrication industry, however, may also or altematively be used for magnetic layer 62, 
depending on the design specifications of the magnetic cell junction. In some 
embodiments, magnetic layer 62 may include a pluraHty of layers. For example, in some 
embodiments, magnetic layer 62 may include a plurality of ferromagnetic materials. In 

15 such an embodiment, the plurality of ferromagnetic layers may include the same material 
in some cases. In other embodiments, the plurality of ferromagnetic layers may include 
different materials. In any case, magnetic layer 62, may be between approximately 20 
angstroms and approximately 100 angstroms. However, larger or smaller thicknesses of 
magnetic layer 62 may be used, depending on the design specifications of the magnetic 

20 cell jimction. 

Tuming to Fig. 3, masking layer 64 may be patterned above storing portion 26. 
More specifically, masking layer 64 may be formed upon storing portion 26 in a pattem 
with which to outline the magnetic cell junctions from plurality of layers 22. In general, 
25 the thickness of masking layer 64 may be between approximately 20 angstroms and 

approximately 1000 angstroms. However, larger or smaller thicknesses of masking layer 
64 may be appropriate depending on the design specifications of the memory array. 
Although Fig. 3 illustrates the formation of two masks, any number of masks may be 
formed across storing portion 26 in accordance with design specifications of the memory 
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array. In addition, masking layer 64 may be formed with various dimensions and 
spacings in accordance with the design specifications of the memory array. 

In general, masking layer 64 may include a material which may or may not be 
5 removed during the subsequent patterning of storing portion 26 and/or pinned portion 28 
as described in more detail below in reference to Figs. 4-10. For example, in some 
embodiments, masking layer 64 may include a dielectric such as silicon nitride or silicon 
oxynitride, for example. Altematively, masking layer 64 may include a metal nitride 
layer, such as titanium nitride or tungsten nitride, for example. In other embodiments, 
10 masking layer 64 may include a photoresist, such as a deep ultraviolet resist, an I-line 
resist, a G-line resist, or another resist, such as an e-beam resist or an x-ray resist. In yet 
another embodiment, masking layer 64 may subsequently serve an additional role as a 
conductive layer of the memory array such that electrical connection may be made with 
other conductive structures or layers overlying the subsequently patterned magnetic cell 
15 junctions. Consequently, in some embodiments, masking layer 64 may include a 
conductive material, such as aluminum, cobaU, copper, iron, nickel, nickel-iron- 
chromium, platinum, tantalum, titanium, tungsten, or a metal alloy or silicide thereof 

In some embodiments, the method described herein may continue to Fig. 4 in 
20 which exposed portions of storing portion 26 are removed to a level spaced above 

tunneling barrier layer 27. In general, the level to which storing portion 26 is etched may 
be any depth within the storing portion. In some cases, the removal process may include 
etching between approximately 20% and approximately 95% of a thickness of storing 
portion 26, or more specifically between approximately 50% and approximately 90% of 
25 the thickness of storing portion 26. In any case, the removal of at least a portion of 

storing portion 26 may reduce the thickness of the portion to be subsequently implanted 
with dopants as discussed in reference to Fig. 5. Consequently, a low-energy dopant 
implantation process may be used to introduce impurities into remaining portions of 
storing portion 26. The use of such a low-energy process may advantageously prevent the 
30 introduction of impurities within layers imderlying tunneling barrier layer 27 as described 
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in more detail below in reference to Fig. 5. As stated above, in some embodiments, 
storing portion 26 may include more than one layer. In such an embodiment, the removal 
process depicted in Fig. 4 may include removing an upper region of storing portion 26 to 
a level within any one of the layers of the storing portion. In yet another embodiment, the 
5 removal process may include removing an upper region of storing portion 26 to a level 
conmiensurate with an interface between the layers of storing portion 26. 

Such a removal process may include any dry or plasma etch process used in the 
microelectronics fabrication industry. For example, the removal of the upper region of 

10 the exposed portions of storing portion 26 may include reactive ion etching or ion 
milling. Alternatively, the etch process may employ a low, medium, or high density 
plasma. A "high density plasma," as used herein, may refer to a plasma having an 
electron density greater than approximately 1 .0 x 10^^ cm"^. On the contrary, a "medium 
density plasma", as used herein, may refer to a plasma having an electron density between 

15 approximately 1.0 x 10^ cm'^ and approximately 1.0 x 10*^ cm ^ while a "low density 
plasma" may refer to a plasma having an electron density less than approximately 1 .0 x 
10^ cm"^. In some cases, it may be advantageous to employ a high-density fluorine or 
chlorine based plasma etch process. More specifically, a high-density fluorine or chlorine 
based plasma may offer a controlled and efficient manner within which to etch exposed 

20 portions of microelectronic topography 20 to a level within storing portion 26 as shown in 
Fig. 4. 

In any case, the method for patterning the magnetic cell junctions may continue to 
Fig. 5 in which dopant impurities 68 are introduced into exposed portions of storing 

25 portion 26 to form doped portions 70. In a preferred embodiment, the exposed portions 
of storing portion 26 may be introduced with a high enough concentration of dopant 
impurities 68 such that doped portions 70 are rendered inactive. In this manner, region 66 
of storing portion 26 underlying masking layer 64 may define the boundaries of the 
storing portion of the subsequently formed magnetic cell junction. In some embodiments, 

30 dopants 68 may be further introduced into tunneling barrier layer 27. On the contrary. 
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however, it is preferable for dopants 68 not to be introduced within pinned portion 28 or 
more specifically, within magnetic layer 60. An introduction of impurities within pinned 
portion 28 may undesirably cause magnetic poles to form along the ends of the layers 
within the pinned portion. Such a formation of magnetic poles along the ends of the 
5 layers may alter the magnetic balance of pinned portion 28, reducing the reUability of the 
memory array. 

Consequently, in some embodiments, the step of introducing dopants 68 may be 
adapted to prevent the introduction of such impurities within layers underlying tunneling 

10 barrier layer 27. hi particular, the step of implanting may be conducted with a low-energy 
source such that the depth of dopants 68 may be limited. For example, in some cases, the 
step of introducing the dopants 68 may include exposing microelectronic topography 20 
to a low or medium density plasma. Altematively, the step of implanting may include 
exposing microelectronic topography 20 to a high density plasma. As noted above, a 

15 "high density plasma," as used herein, may refer to a plasma having an electron density 
greater than approximately 1.0 x 10^^ cm"^, a "medium density plasma," as used herein, 
may refer to a plasma having an electron density between approximately 1 .0 x 10^ cm"^ 
and approximately 1.0x10^^ cm"^, and a "low density plasma" may refer to a plasma 
having an electron density less than approximately 1.0 x 10^ cm'"^. In yet another 

20 embodiment, microelectronic topography 20 may be exposed to a gas phase of dopant 
impurities 68 at room temperature or at an elevated temperature. In some cases, the 
introduction of dopant impurities 68 may be conducted during an annealing cycle. 

In addition or altematively, pinned portion 28 may be adapted to prevent the 
25 introduction of dopants 68 underlying timneling barrier layer 27 during the step of 

implanting. In particular, magnetic layer 60 and, in some embodiments magnetic layers 
56 and/or 60, may include a material with retardant properties specific to the dopants 
introduced into storing portion 26 and relative to the rate of dopant implantation in the 
remaining portions of storing portion 26. For instance, magnetic layers 56 and/or 60 may 
30 include cobalt-platinum or cobalt-iron-boron. Altematively, magnetic layers 56 and/or 60 
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may include polycrystalline alloys comprising one or more noble elements. In yet other 
embodiments, magnetic layers 56 and/or 60 may include materials with an amorphous 
structure. In some cases, the aforementioned materials may be particularly advantageous 
for preventing the introduction of oxygen and/or nitrogen within magnetic layers 56 

5 and/or 60. Consequently, the method may include oxidizing and/or nitriding the 

remaining portions of storing portion 26 in Fig. 5, in some embodiments. In particular, in 
some cases, the method may include exposing microelectronic topography 20 to both 
oxygen and nitrogen at the same time. In general, however, any dopant impurity that may 
render exposed portions of storing portion 26 inactive may be implanted using the 

10 method described herein. As such, dopant impurities other than oxygen and/or nitrogen 
may be used, depending on the design specifications of the magnetic cell junction. In 
addition, other materials which are adapted to retard the introduction of such impurities 
may also or alternatively be used for magnetic layers 56 and/or 60. 



15 Fig. 6 illustrates the patterning layers 54, 56, 58, 60, 27, and 70 to form magnetic 

♦ cell jimctions 72 and 74. In general, such an etch process may be adapted to substantially 
terminate upon exposure of dielectric layer 30. In particular, the etch process may ^ 
include wet or dry etch techniques known in the MRAM fabrication industry. In some 
embodiments, a high density plasma may be preferred for such an etch process. In any 

20 case, the previous introduction of dopants within microelectronic topography 20 as 
discussed above in reference to Fig. 5 preferably does not extend to layers underlying 
tunnehng barrier layer 27. As such, any layers underlying tunneling barrier layer 27 are 
still considered "active" (i.e., the underlying layers still maintain their properties for 
setting a pinned magnetic direction). Consequently, the patterning process described in 

25 reference to Fig. 6 may be used to define the lateral boundaries of the pinned portions 
within magnetic cell junctions 72 and 74. 



As shown in Fig. 6, the pinned portions of magnetic cell junctions 72 and 74 may 
have different lengths than the storing portions of the magnetic cell junctions. 
30 Consequently, the etch process of Fig. 6 may further include the foraiation of an 
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additional masking layer with which to pattern the pinned portions. Although Fig. 6 
illustrates two different pattern configurations for magnetic cell junctions 72 and 74, 
magnetic cell junctions within an array are generally patterned having substantially 
similar dimensions. Consequently, the illustration of Fig. 6 is not necessarily 

5 representative of a two magnetic cell junctions that may be aligned within a magnetic 
memory array. On the contrary, the illustration of Fig. 6 is merely used to show 
exemplary dimensional configurations for magnetic cell jimctions that may be pattemed 
using the method described herein. As will be discussed in more detail below, other 
dimensional configurations may be used for magnetic cell jimctions formed from the 

10 method described herein as well. 



In general, the lengths of the pinned portion within the pattemed magnetic cell 
junctions may vary between the length of the storing portion defined within the magnetic 
cell junctions and the length of the underlying electrode. In particular, remaining portions 

15 70 of storing portion 26, tunneling barrier layer 27, and pinned portion 28 may be 

pattemed in aUgnment with electrode 24 to form magnetic cell junction 72, for example. 
In contrast, remaining portions 70 of storing portion 26, tunneling barrier layer 27, and 
pinned portion 28 may be pattemed to form magnetic cell junction 74 having a storing 
portion which is nearly centered above a lower pinned portion. In yet other embodiments, 

20 however, the lateral boundaries of the pinned portion with the pattemed magnetic cell 
junctions may vary from those of magnetic cell junctions 72 and 74. In any case, 
remaining portions 70 of storing portion 26, tunneling barrier layer 27, and pinned portion 
28 may be pattemed such that the pinned portion of the magnetic cell jimction has a 
greater length than the defined storing portion of the magnetic cell junction. In yet other 

25 embodiments, however, the magnetic cell jxmction may be pattemed such that its storing 
portion and pinned portion have substantially similar lengths. An exemplary method 
resulting in such a configuration is described in more detail below in reference to Figs. 
7a-ll. 
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Figs. 7a- 10a illustrate a start of an alternating sequence of steps that may be used 
to pattern a magnetic cell junction from plurality of layers 22 subsequent to the formation 
of masking layer 64 in Fig. 3. In particular. Figs. 7a- 10a illustrate altemating steps of 
etching exposed portions of plurality of layers 22 and implanting dopants into exposed 
5 portions of plurality of layers 22. Such a sequence of steps may be initiated with a step of 
implanting followed by successive steps of etching and implanting. Altematively, the 
sequence of steps may be initiated with a step of etching followed by successive steps of 
implanting and etching as shown in Figs. 7a- 10a. In any case, the altemating sequence of 
the steps may be carried out throughout the thickness of the exposed portions of the stack 
10 of layers. Altematively stated, the method may include successively repeating the steps 
of etching and implanting throughout the thickness of the exposed portions of the stack of 
layers such that patterned magnetic cell junctions are formed as shown in Fig. 1 1 . 

The sequence of steps described in reference to Figs. 7a- 10a are also described in 
15 reference to Figs. 7b- 10b, in which magnified views of portion 70 of microelectronic 
topography 20 detailing the patterned sidewalls of the magnetic cell junction are shown 
for each respective step of the process. In particular, Figs. 7b- 10b describe the generation 
and removal of veils along the sidewalls of the magnetic cell jimction throughout the 
patterning process. In general, 'Veils" may refer to the material redeposited upon the 
20 sidewall surfaces of the pattemed magnetic cell junction during the etch process as 

described in more detail below in reference to Fig. 7b. Typically, the thicknesses of veils 
are on the order of a few angstroms and, therefore, are not depicted in Figs. 7a- 10a. 

Turning to Fig. 7a, an upper region of exposed portions of microelectronic 
25 topography 20 has been removed subsequent to the patterning of masking layer 64 in Fig. 
3. Such a removal process may include etching a relatively small amount of the exposed 
portions of microelectronic topography 20. For example, in some embodiments, the 
removal process may include etching between approximately 10 angstroms and 
approximately 100 angstroms of microelectronic topography 20. In this manner, the 
30 removal process may include removing an upper region of exposed portions of 
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microelectronic topography 20 to a level within magnetic layer 62. In yet other 
embodiments, the removal process may include removing an upper region of exposed 
portions of microelectronic topography 20 to a level within another magnetic layer of 
plurality of layers 22. Consequently, larger or smaller amounts of microelectronic 
5 topography 20 may be removed during the etch process described in reference to Fig. 7b, 
depending on the design specifications of the magnetic cell junction. 

In any case, the removal process may include any dry or plasma etch process used 
in the microelectronics fabrication industry. For example, the etch process may employ a 

10 low, medium, or high density plasma. Alternatively, the removal process may include 
reactive ion etching or ion milling. In some cases, it may be advantageous to employ a 
high-density fluorine or chlorine based plasma etch process. In particular, a high-density 
fluorine or chlorine based plasma may offer a controlled and efficient manner in which to 
etch a small region of exposed portions of microelectronic topography 20. In addition, a 

15 high density plasma may generate a fewer number of veils than the nimiber of veils 

produced when dry etch techniques, such as ion milling and/or reactive ion etching, are 
used for the etch process. The generation of veils during the etch process of Fig. 7a is 
described in more detail below in reference to Fig. 7b. 

20 Fig. 7b illustrates a magnified view of portion 70 of microelectronic topography 

20 subsequent to the etch process described in reference to Fig. 7a. In particular. Fig. 7b 
illustrates a magnified view of the patterned sidewalls of masking layer 64 and magnetic 
layer 62. As shown in Fig. 7b, veil 80 may be formed along the pattemed sidewalls of 
magnetic layer 62 and masking layer 64 as a result of the etching process described in 

25 reference to Fig. 7a. In particular, the etching process described in reference to Fig. 7a 
may include redepositing byproducts formed during the etch process along the sidewalls 
of the pattemed structure. Such byproducts may be referred to herein as "veils." In 
general, veils may include compoimds from the one or more layers removed during the 
etch process and/or the one or more elements used in the etch chemistry used for the etch 
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process. Typically, the thicknesses of veils are on the order of a few angstroms to tens of 
angstroms and, therefore, veil 80 is not depicted in Fig. 8a. 

Although veil 80 is shown along a partial portion of the sidewall of masking layer 
5 64, the etch process may generate veils along entirety of the sidewall of the masking 
layer, in some embodiments. In addition, the etch process may generate veils along the 
upper surfaces of remaining portions of magnetic layer 62 and masking layer 64. In any 
case, the generated veils may be removed by changing their composition through the 
introduction of dopants and subsequent removal of the doped formations. Such a process 

10 is described in more detail below in reference to Figs. 8b and 9b. In other cases, 
however, the generated veils may not be removed during a subsequent etch process. 
Since the dopants introduced into the topography may transform the veils into an 
insulating dielectric layer, shorting problems from the veils may be negated. In such a 
case, the doped formations may serve to insulate the subsequently formed magnetic cell 

15 junction. . .. 

As shown in Fig. 8a, dopants 76 may be introduced into exposed portions of 
microelectronic topography 20 to form doped portion 78. In a preferred embodiment, the 
exposed portions of storing portion 26 may be introduced with a low enough 

20 concentration and strength of dopants 76 such that the thickness of doped portion 78 is 
less than the amoimt of microelectronic topography etched during the subsequent etch 
process described in reference to Fig. 9a. For example, in some embodiments, the 
implanting process may include introducing dopants to a depth between approximately 5 
angstroms and approximately 50 angstroms of microelectronic topography 20. In other 

25 embodiments, dopants may be introduced at larger or smaller depths, depending on the 
design specifications of the magnetic cell junction fabrication process. In this manner, 
the amount of topography implanted with dopants may be removed during the subsequent 
etch step. In some embodiments, the patterning process may be optimized using a ratio of 
the amount topography implanted with impurities (as described in reference to Fig. 8a) 

30 versus the amount of topography etched (as described in reference to Fig. 9a). For 
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example, in some embodiments, the patteming process described in reference to Figs. 7a- 
1 1 may have an implant to etch ratio between approximately 0.1 and approximately 0.9, 
or more preferably a ratio of approximately 0.5. 



5 In any case, the implanting step illustrated in Fig. 8a may be conducted with a 

low-energy and low-concentration source such that the depth of doped region 78 may be 
limited. For example, in some cases, the step of introducing the dopants 76 may include 
exposing microelectronic topography 20 to a low or medium density plasma of the one or 
more impurities introduced into storing portion 26. Alternatively, the step of implanting 

10 may include exposing microelectronic topography 20 to a high density plasma of the one 
or more impurities introduced into storing portion 26. In yet another embodiment, 
microelectronic topography 20 may be exposed to a gas phase of dopant impurities 68 at 
room temperature or at an elevated temperature. In some cases, the introduction of 
dopant impurities 68 may be conducted during an annealing cycle. In any case, the 

15 implanting step may include introducing any dopants which may alter the etching and/or 
electrical characteristics of veil 80 such that the veil may be subsequently removed during 
a successive etch step described in reference to Fig. 9a or left on the patterned structure as 
part of an insulating layer. For example, in some embodiments, the implanting step may 
include introducing oxygen or nitrogen. Consequently, the method may include oxidizing 

20 and/or nitriding microelectronic topography 20, in some embodiments. Other dopant 
impurities, however, may also or alternatively be implanted, depending on the design 
specifications of the magnetic cell junction. 

Fig. 8b illustrates a magnified view of portion 70 of microelectronic topography 
25 20 subsequent to the implantation of dopants 76 as described in reference to Fig. 8a. As 
shown in Fig. 8b, doped portion 78 may include an upper portion of magnetic layer 62 as 
well as veil 80. As described above, the introduction of dopants used to form doped 
portion 78 may be adapted to alter the etching characteristics of veil 80 such that it may 
be subsequently removed during a successive etch step described in reference to Fig. 9a. 
30 The introduction of dopants into magnetic layer 62 may form a material which may be 
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removed from the subsequent etch process as well. In some embodiments, the 
subsequent etch process may be adapted to remove the entirety of doped portion 78 as 
well as a portion of the underlying layers. As such. Fig. 9a illustrates the removal of 
doped portion 78 as well as remaining portions of magnetic layer 62 and a portion of 

5 tunneling barrier layer 27. Such an etch process may alternatively etch more or less of 
microelectronic topography 20, depending on the design characteristics of the magnetic 
cell junction pattering process. For example, in some embodiments, the etch process may 
be to primarily remove the doped portion of magnetic layer 62 and underlying layers such 
that a substantial portion of the doped portion of veil 80 (i.e., the portion of doped portion 

10 78 along the sidewalls of the pattemed structure) may remain and serve as an insulating 
dielectric for the pattemed stmcture. 



In any case, the etch process may include any dry or plasma etch process used in 
the microelectronics fabrication industry. In a preferred embodiment, a high-density 

15 fluorine or chlorine based plasma etch process may be used. In some cases, the 

subsequent etch process may be substantially similar to the etch process described in 
reference Fig. 7a, while in other embodiments, the two etch processes may be 
substantially different. In some cases, the step of etching may be characterized for the 
type of material to be etched during each etch cycle. In particular, the etching method and 

20 etch chemistry used for each individual etch process may depend on the composition of 
the one or more layers to be etched. Although the subsequent etching process described 
in reference to Fig. 9a removes doped portion 78, the etch process also forms a veil 84 
along the sidewalls of magnetic layer 62 and tunneling barrier layer 27, as shown in Fig. 
9b. In general, veil 84 may be formed from the redeposition of byproducts of the etch 

25 process. In some embodiments, veil 84 may be formed upon the sidewalls of masking 
layer 64 as well. In a case in which a substantial portion of doped portion of veil 80 is not 
removed during the etch process, veil 84 may be formed along the sidewalls of the 
pattemed structure and in some embodiments, aloiig the remaining portions of doped 
portion 78. 
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In any case, the method may continue with the successive steps of implanting 
dopants and etching such that generated veils may be removed while the magnetic cell 
junctions are patterned or left on the structure as part of an insulating dielectric layer. In 
particular, microelectronic topography 20 may be implanted with dopants 82 to form 
5 doped portion 86 as shovm in Fig. 10a such that veil 84 may be subsequently removed or 
left on the structure as part of an insulating dielectric layer. In some cases, such an 
implanting step may be substantially similar to the implanting step described in reference 
to Fig. 8a. In particular, the composition and concentration of dopants 82 may be 
substantially similar to the composition and concentration of dopants 76. In addition, the 

10 energy level used to implant dopants 82 may be substantially similar to the energy level 
used to implant dopants 76. Altematively, the implantation of dopants 82 may be 
substantially different from the implantation of dopants 76. In particular, dopants 82 may 
include one or more different impurities than which are included in dopants 76. In 
addition or altematively, dopants 82 may be implanted with a different energy source that 

15 what was used to implant dopants 76. In some embodiments, the step of implanting may 
be characterized for the type of material to be doped during each implanting cycle. In 
particular, the composition and concentration of dopants, as well as the energy source 
used for implanting may depend on the layer exposed during the previous etch step. 

20 As stated above, the sequence of steps described in reference to Figs, 7a- 10a may 

continue through the entirety of plurality of layers 22. In this manner, patterned magnetic 
cell junctions may be fabricated with such a sequence of steps. In particular, patterned 
magnetic cell junctions 88 and 90 with storing portions and pinned portions having 
substantially similar lengths may be fabricated as shown in Fig. 1 1 . In other 

25 embodiments, the method may be used to form a magnetic cell junction with a storing 
portion and a pinned portion having substantially different lengths. Such an embodiment, 
however, would further include the formation of an additional masking layer in between 
at least two of the sequence of steps. Since the method includes alternating the steps of 
etching and implanting, the etch processes conducted subsequent to each of the 

30 implanting steps may remove the previously doped veils. Altematively, the subsequent 
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etch process may be adapted to preferentially remove portions of the topography such that 
the doped veils remain on the structure as part of an insulating dielectric layer. In either 
embodiment, the number of metallic veils along the sidewalls of a magnetic cell junction 
subsequent to the patterning process may be reduced or eliminated relative to a magnetic 
5 cell junction pattemed using conventional techniques. As a result, the likelihood for 
forming shorts across the tunneling barrier layer of the pattemed magnetic cell junction 
may be reduced or eliminated using the method described herein. 



It will be appreciated to those skilled in the art having the benefit of this 
10 disclosure that this invention is believed to provide a method for patteming a magnetic 
memory cell junction. Further modifications and altemative embodiments of various 
aspects of the invention will be apparent to those skilled in the art in view of this 
description. For example, the method described herein may be used for fabricating any 
type of magnetic memory cell junction, including but not limited to magnetic tunneling 
15 junctions (MTJ) and/or giant magnetoresistance (GMR) structures. It is intended that the 
following claims be interpreted to embrace all such modifications and changes and, 
accordingly, the drawings and the specification are to be regarded in an illustrative rather 
than a restrictive sense. 
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